Marino RJ, Patrick M, Albright W, Leiby BE, Mulcahey MJ, Schmidt-Read M, Kern SB: Development of an objective test of upper-limb function in tetraplegia: the capabilities of upper extremity test. Am J Phys Med Rehabil 2012;91:478Y486. Objective: This study aimed to describe the development, internal consistency, and validity of the Capabilities of Upper Extremity Test (CUE-T) for persons with tetraplegia.
Eval uation of arm and hand function in individuals with tetraplegia has become increasingly important because of the growing need to evaluate the effectiveness of neuroregenerative interventions. The first working group of the International Campaign for Cures of Spinal Cord Injury (SCI) Paralysis aptly recognized that Bno SCI therapy will be considered effective for the treatment of patients unless it improves the ability of patients to function in their daily routines or activities.[ 1 This requires assessments that go beyond pathophysiology or impairment. Current clinical trials for neurologic recovery in SCI must demonstrate clinically meaningful improvement to be deemed effective. Outcome tools need to be able to distinguish the restoration of lost neurologic function from improved activity completion caused by adaptive strategies and equipment. In this article, we describe the development and pilot testing of the Capabilities of Upper Extremity Test (CUE-T), which is intended to evaluate functioning in the domain of Functional Limitations as described by Nagi. 2 The domain of functional limitations encompasses actions that are performed without equipment or assistance 2 and lies between the domains of Impairment and Activities. 3 Functional limitations include difficulties in performing actions such as reaching, grasping, or pushing. This differs from the domain of Activities in the International Classification of Functioning, which focuses on task completion and may be accomplished with help and/ or equipment. 4 Difficulties in the domain of functional limitations reflect the cumulative effect of impairments at the level of the individual. In keeping with the positive terminology of the International Classification of Functioning, we use the term capabilities to define function in this domain. Because capabilities are assessed without the use of adaptive equipment or assistance, improved upper-limb capabilities can be attributed to improvements within the person. A model of disablement that includes capabilities/functional limitations has advantages over the current International Classification of Functioning model when looking at the clinical significance of improved neurologic function. 3 Although there are many tests of hand function 5,6 only a few have been developed for SCI, 7Y11 and these have limited evidence of reliability and validity. 6 Generic hand function tests have significant limitations when applied to persons with tetraplegia and are not recommended for clinical or research uses. 12 Existing SCI-specific tests tend to be limited in scope, focus on performance or capacity rather than on capability, or assess multiple do-mains of function. The Grasp-and-Release test, 8 for example, assesses the ability to grasp, lift, and release objects of various size and shapes but does not evaluate any other upper limb actions such as reaching out or pushing. The Van Lieshout Test 11 was developed to measure both arm and hand function in tetraplegia but combines basic actions with more complex tasks. For example, the Breaching forward[ task involves moving a bottle on a table toward oneself and so includes grasping and pulling along with reaching. The Motor Capabilities Scale, 13 developed to assess the results of functional surgery on upper limbs, focuses on component motor abilities required to achieve activities of daily living but permits physical assistance, orthoses, or modified techniques in scoring, placing it in the capacity domain. The Graded and Redefined Assessment of Strength, Sensibility and Prehension 9 is described as a measure of upper-limb impairment and includes tests of sensation, strength, and prehension, focusing on hand function.
The previously developed CUE Questionnaire (CUE-Q) 14 was created to assess the completion of upper-limb actions by a person without assistance or equipment and thus evaluates capabilities. The CUE-Q has been shown to have good test-retest reliability and responsiveness and high correlations with upper-limb motor scores (ULMS) and self-care Functional Independence Measure scores. 14 The CUE-Q asks persons with SCI how difficult it is to perform a number of actions, such as reaching, lifting, or grasping. Originally, difficulty was rated on a 7-point scale, but subsequently, the response scale was reduced to five levels from BNo difficulty[ to BUnable to do,[ corresponding to the rating of difficulty in the International Classification of Functioning. 4 The CUE-Q has been used to evaluate improvements after upper-limb reconstructive procedures 15 and was used in a pilot study to predict the ability of patients with tetraplegia to self-catheterize after continent diversion. 16 This test has also been recommended as a valid measure of upper-limb and hand function in a chronic SCI population. 17 However, we do not know the relationship between perceived difficulty in performing an action and actual ability to perform the action. To fill this need, we developed the CUE-T, an objective measure of the ability to complete actions involving the arm and hand in persons with tetraplegia.
DEVELOPMENT OF THE CUE-T Phase 1: Initial Development
The CUE-Q items formed the basis of the test items on the CUE-T. Each question was reviewed to determine the cognitive intent, and a test procedure was developed based on this intent. For example, the first question on the CUE-Q asks how difficult it is to reach out and touch something in front of you at shoulder level. The intent of this question is to determine how far out in front of the body someone can position their hand at shoulder level. It is not concerned with grabbing or moving an object. To test this action, a target was placed directly in front of the subject at shoulder level, and the subject was asked to reach out and touch the target as many times as possible in 30 seconds (see Fig. 1 ). Afterward, a literature review was conducted to assess existing instruments of arm and hand function to identify any additional actions to consider for inclusion and to determine whether there were test procedures appropriate for our purposes. For example, items in the Jebsen test of hand function 5 were useful for evaluating certain grasp patterns, although we did not use any of the original tasks.
In addition, the development of the CUE-T was guided by seven principles of research methodology: 12 1. Items should be appropriate for individuals with tetraplegia and represent their ability to perform elementary motor actions that are involved in the performance of activities.
Items should demonstrate insensitivity to
learning. 3. There should be standardized administration. 4. Items should be scored on an unambiguous scale that does not combine too many aspects of function (i.e., level of independence and time for completion scored concurrently). 5. Multiple trials of items should be used to improve reliability if necessary. 6. The instrument should be sensitive to changes provided by treatments or interventions to restore upper-limb function. 7. It should take no more than 1 hr to complete the entire test.
The initial version of the CUE-T included the items in the CUE-Q with a few modifications and additions. For the push and pull items, the light and heavy object questions were combined into one test of pushing or pulling with increasing weights. We added a supination action to complement the pronation item in the CUE-Q. We also added an item to test pushing, with the thumb on a handheld item such as a cellphone.
In designing the test procedures, we strove as much as possible to isolate the action being tested and to minimize the influence of other actions. For example, the reaching forward item required that the subject touch the target but not to grip or move anything ( Fig. 1 ). Although adaptive equipment was not permitted for the action being tested, it was used if needed to compensate for other capabilities. For example, the intent of the pull item was to evaluate the capability to move objects on a table closer to oneself. The subject's hand was strapped to the container that was pulled as needed, so that the inability to grasp would not interfere with the assessment ( Fig. 1 ). In testing grasp patterns, items had to be acquired using the designated grasp pattern; an alternate grasp pattern was not permitted (Fig. 2) . A pencil was used to test three-finger tip prehension, and the subject had to use this pattern, even though it is possible to lift the pencil with other patterns (e.g., key pinch, two-finger tip prehension).
This process resulted in a test with 16 items that assessed unilateral actions of the right and left upper limbs separately and two items that assessed bilateral actions. After the initial development of the CUE-T, we performed the test on ten nondisabled occupational therapy students to refine techniques and clarify procedures. After this stage, we added an additional item, BAcquire-Release,[ based on the ability of the examinee to grasp (acquire) and release two of the items in the test, namely the dynamometer (cylindrical grasp) and the container (wide grasp) shown in Figure 2 . The final list of included items is found in Table 1 . We created and updated a manual of testing procedures and a list of supplies throughout the development process.
FIGURE 1
Examples of item scoring. A, repetitive action, Reach Forward. Raw score is the number of times the subject can reach out to touch the marker and return the hand to his/her lap. B, progressive action, Pull Weight. Record the maximum weight that can be moved, from empty container to 4 kg. C, timed action, Push with Index Finger. Score is time to enter the number correctly in seconds.
Although the final scoring of items is based on a 5-point scale, we recorded raw data during the pilot phase. Scoring for the items is based on three separate types of actions ( Fig. 1 ): repetitive actions (number of repetitions completed in 30 secs), progressive actions (amount of weight that can be lifted or moved), and timed action (amount of time in seconds for the subject to complete a certain action). An additional section was added to score the ability of the person to both acquire and release certain items. The test for each action was performed once except for key pinch and grasp dynamometer, where three trials were conducted and the average force in kilograms was determined.
Phase 2: Pilot Phase
Thirty adults with chronic SCI, levels C4YT6, American Spinal Injury Association Impairment Scale (AIS) AYD were evaluated once. The number of subjects was determined by consensus among the investigators as sufficient to identify issues with testing procedures. Block enrollment was used to ensure the inclusion of subjects with a range of injury levels and severity. Target enrollment by motor level and completeness was six subjects each for blocks C4Y6 AIS AYB/AIS CYD, C7YT1 AIS AYB/AIS CYD and three subjects each for blocks T2Y6 AIS AYB/AIS CYD. Some subjects with high-level paraplegia were included to evaluate the performance of persons with SCI who had normal upper-limb function. Assessments included upper-limb manual muscle testing using the International Standards for the Neurological Classification of Spinal Cord Injury key muscles and the additional muscles required for the International Classification for Surgery of the Hand in Tetraplegia (ICSHT), 18 the CUE-Q, and the CUE-T. Muscle testing was performed with the subject seated. The CUE-Q was always given before the CUE-T because we wanted to know how the subject perceived difficulty in performing the actions before attempting to complete similar actions.
For the CUE-T, the evaluator explained each item to the subject, demonstrated the desired action, and allowed the subject to practice once to be sure that he/she understood the objective. If during the testing, a period of 5 secs elapsed without the subject being able to make progress toward completion of the action, the evaluator would stop the test and move on to the next item. The institutional review board approved all phases of the development and testing. Informed consent was obtained from all subjects.
Data Analysis
Item scores were reviewed, and cut points were established to rescore time-based items on a 0Y4 scale, corresponding to CUE-Q scoring. Missing items were estimated based on patterns for other items. No more than two values were missing on any item except for Bacquire-release,[ which was not collected on 12 of the initial subjects. After modifying the test score sheet and clarifying instructions, the Bacquirerelease[ results were collected on the remaining subjects. Item score distributions were then examined for ceiling and floor effects. For internal consistency, we determined Cronbach alpha for the total score and subscales. Cronbach alpha values should be greater than 0.70 19 ; values above 0.90 suggest item redundancy. 20 Individual item correlations to the total score should be above 0.20. 19 Finally, to test construct validity, we examined Spearman correlations of total CUE-T scores with ULMS and right/left CUE-T scores with right and left ULMS and ICSHT classifications. The strength of correlations was evaluated using the criteria of Landis and Koch 21 : Q = 0Y0.2, poor; 0.21Y0.40, fair; 0.41Y0.60, moderate; 0.61Y0.80, substantial; 0.81Y1.00, almost perfect.
RESULTS
Twenty-three men and 7 women with chronic SCI participated. The subjects had an average age of 44.8 yrs. There were 15 subjects with C4Y6 motor levels, nine complete and six incomplete; 11 subjects with C7YT1 motor levels, seven complete and four incomplete; and 4 subjects with T2YT6 motor levels, all complete. ULMS ranged from 5 to 50, and the ICSHT classification ranged from 0 to 10. Time was not officially tested in this phase, but testers estimated it to be approximately 45 to 60 mins.
The method of rescoring items depended on the type of raw score. Items where increasing weights were moved had four levels and were scored from 0 if the lightest weight could not be moved to 4 if the heaviest weight could be moved. For items scored as the number of repetitions in 30 secs, the distribution of raw scores was examined. Cut points were determined by a combination of visual inspection of score distributions and scores of the persons with paraplegia ( Fig. 3) . For timed items, the distribution of time to complete the task was plotted from highest to lowest, with 100 secs as the maximum time. Cut points were then determined as described for the repetition items.
Descriptive statistics for raw item scores are shown in Table 2 and for converted scores in Table 3 . For most items, the converted scores were distributed across the range of values from 0 to 4. A ceiling effect was seen in the Bpush[ and Bpull[ items, where almost all subjects could complete the task with the highest weight tested.
Cronbach alpha was excellent for the total scale (0.97), the right/left sides (0.94/0.93), right/left arm items (0.88/0.86), and the right/left hand items (0.95/0.96). All items had at least a 0.40 correlation with the total score except for left side reaching forward, which was 0.37 (Table 3 ).
Validity
Spearman rho correlation coefficients for ULMS and ICSHT with CUE-T scores were Balmost perfect[
FIGURE 3
Top graph shows the distribution of number of repetitions for three-finger prehension (pencil) task.
Bottom graph shows scores converted to a 0Y4 point scale.
according to the criteria of Landis and Koch. 21 The correlation of the CUE-T with the ULMS was 0.91, whereas right-and left-side correlations were 0.90 and 0.87, respectively. For the ICSHT, correlations with the right and left CUE-T scores were 0.92 and 0.89, respectively. The correlation of the ULMS with the CUE-T total score is illustrated in Figure 4 . Given the small sample size, there is fairly equal variance across the range of values.
DISCUSSION
The CUE-T is a promising test of upper-limb motor capabilities for persons with tetraplegia.
Cronbach alpha values suggest that the CUE-T can be used in its entirety but can also be separated into right and left sides or into arm and hand subscales. The high Cronbach alpha values suggest that it would be possible to shorten the CUE-T. This may be appropriate if using the test to classify individuals with tetraplegia on upper-limb capabilities. However, some redundancy is helpful when trying to identify changes in function. We do not yet know which items best detect improvements in capabilities. We will evaluate the CUE-T for item reduction after responsiveness testing has been completed.
Examination of item score distributions indicated that the pull-push items were too easy. Almost all subjects were able to pull and push the highest weight, leaving no room for improvement. For future testing, a foam pad will be attached to the bottom of the container containing the weights to increase friction. We hope that the increased force required to pull and push the weighted object will result in fewer subjects able to move the highest weight, thereby reducing the ceiling effect.
The CUE-T is one of the few tests developed specifically for persons with tetraplegia and differs and Prehension, which evaluates sensory and motor impairment as well as the ability to grasp. In addition, the hand items in the CUE-T evaluate particular grasp patterns, whereas the prehension tasks of the Graded and Redefined Assessment of Strength, Sensibility and Prehension permit an alternative grasp to be used, albeit with a lower score. 9, 22 Other upper-limb scales focus on the activities domain of function, where the use of physical assistance or adaptive equipment can obscure within-person capabilities. The Motor Capabilities Scale, for example, permits mechanical or human aid for transfers, an orthosis for wheelchair propulsion, and the other hand or the environment to help pick up various items. 13 The CUE-T is intended to be used to detect changes in upper-limb capabilities in persons with tetraplegia resulting from interventions such as reconstructive surgery or neuroprotective or neurorestorative treatments. As with the CUE-Q, the scores should be highly correlated with measures of upperlimb impairment, such as the ULMS. We found this to be true: correlations of the CUE-T with ULMS and with the ICSHT levels were all 0.87 or higher. This is similar to the capacity tests of the Graded and Redefined Assessment of Strength, Sensibility and Prehension, whose correlation with ULMS was reported to be less 22 than 0.86 and compares favorably to the short-form of the Van Lieshout test, whose left-and right-side correlations with the ICSHT level were 0.67 and 0.85, respectively. 11 Several lessons were learned during the pilot testing that will help in the next phase of development. First, the data collection form was not detailed enough initially, especially for dynamometer readings that could be in pounds or kilograms. We found that some testers were recording in pounds and that others were reading in kilograms. The acquire-release section required clearer instructions because this was not a separate test item but a part of two other test items. As a result, few of the initial subjects had the acquire-release results recorded on the data sheet. Revisions in the test instructions and the data sheet corrected these problems, and complete data were obtained from the remaining subjects.
The next phase of development of the CUE-T is reliability and responsiveness testing. Using the revised data sheet and revised pull-push items, we plan to test persons with chronic stable SCI on two occasions to determine test-retest reliability. We will also test persons with acute SCI at the beginning and end of inpatient rehabilitation to examine responsiveness and to identify the minimal clinically important difference. We will document the total time to complete the CUE-T in future testing.
CONCLUSIONS
The CUE-T is an objective standardized test of upper-limb capabilities developed for persons with tetraplegia. Preliminary testing shows that it has good internal consistency. A few items displayed ceiling effects and will be revised. CUE-T scores correlate highly with measures of impairment. Evaluation of the CUE-T for reliability and responsiveness is the next step in its development.
